Purpose: With the increasing use of minimally invasive surgical techniques for intraocular pressure (IOP) lowering in glaucoma patients, there is a need to examine best practices regarding the postoperative management of these patients. Corticosteroids, though effective in controlling postoperative ocular pain and inflammation, present distinct challenges in glaucoma surgery patients, as their use can be associated with IOP elevation. Loteprednol etabonate (LE) is an ocular corticosteroid designed to have an improved safety profile relative to other corticosteroids. Methods: We report here a representative selection of cases in which patients were successfully treated with LE ophthalmic gel 0.5% (LE gel) following a variety of minimally invasive glaucoma surgery (MIGS) procedures. Cases included patients undergoing various procedures including a Trabectome combined with cataract surgery; micro-stent surgery (iStent) combined with cataract surgery; supraciliary CyPass Micro-Stent placement combined with cataract surgery; Kahook Dual Blade goniotomy; and ab interno canaloplasty using the iTrack catheter. Observations: In all cases, use of LE gel during the postoperative period appeared effective and safe in reducing inflammation and controlling pain. No adverse events or IOP elevations were noted, even in those patients continuing use of LE gel past the postoperative period for longer than six months with documented follow-up. In two cases, patients with elevated IOP using either prednisolone or difluprednate postoperatively were switched to LE gel, with a subsequent reduction in IOP. Conclusions: This selection of cases involving patients undergoing MIGS suggests that LE gel may be an effective and safe option for treating postoperative inflammation and pain following such procedures with minimal to no effect on IOP or other negative sequalae.
Introduction
As a leading cause of irreversible blindness worldwide, glaucoma encompasses a variety of progressive, chronic optic neuropathies associated with damage to the nerve fiber layer and reproducible visual field abnormalities. 1 Currently, lowering intraocular pressure (IOP) is the only intervention proven to delay or prevent visual field loss, as demonstrated in a number of landmark studies. [1] [2] [3] [4] [5] [6] Initial IOP lowering is often achieved through pharmacological treatment or laser trabeculoplasty for patients in whom compliance with pharmacological dosing instructions may be an issue. 1 When pharmacological and/or laser trabeculoplasty management are insufficient, incisional glaucoma surgery is indicated. 1 Trabeculectomy (TE) is considered to be the standard surgical practice for lowering IOP in patients with uncontrolled glaucoma. 4, 7 However, due to the high frequency of complications and the need for prolonged follow-up management inherent to this procedure, interest in microinvasive, "bleb-free" techniques for lowering IOP has grown. 1, 7 Recent advancements in surgical technique have stimulated an expansion of such minimally invasive procedures in glaucoma. Microinvasive (or minimally invasive) glaucoma surgeries (MIGS) offer efficient IOP-lowering with the advantages of being faster than traditional glaucoma surgery, associated with fewer complications, and allowing for earlier intervention. 8 Currently, there are four major categories of MIGS, each defined through the mechanism by which they aim to lower IOP (Table 1) .
There is little published literature detailing postoperative management of patients undergoing MIGS procedures. However, control of ocular inflammation following traditional ocular surgeries (such as cataract removal and TE) can be a challenging aspect of postoperative patient care. When left untreated, the inflammatory response of the eye to traditional surgical approaches can result in pain, swelling, photophobia, itching, and/or potentially more serious postoperative complications, including cystoid macular edema and blurred vision. [9] [10] [11] Postoperative treatment with topical corticosteroids has become a standard practice for patients undergoing a variety of ocular surgeries. 1, 12, 13 Although their use has not been formally studied following MIGS, postoperative topical corticosteroid regimens tapered over four weeks have been used in association with various types of MIGS procedures, including Trabectome, 14 ab interno canaloplasty, 15, 16 and iStent procedures. 17, 18 While effective in managing both pain and inflammation, use of topical corticosteroids poses certain potential risks, including IOP elevation, delayed wound healing, and cataract formation. [19] [20] [21] Steroid-induced IOP elevation is a particular concern in glaucoma subjects, as recent studies suggest that eyes diagnosed with primary open-angle glaucoma (POAG) have decreased trabecular meshwork (TM) thickness and increased TM stiffness when compared to healthy eyes. 22, 23 They are therefore more susceptible to IOP spikes 24 and the subsequent decrease in aqueous outflow through the TM related to corticosteroid use. 19, 20, 25 Loteprednol etabonate (LE) is a topical corticosteroid approved by the FDA for postoperative inflammation and pain following ocular surgery and is marketed as a suspension, ointment, a gel formulation at a concentration of 0.5%, and most recently, a gel formulation at a concentration of 0.38%. The recommended dosing frequency for LE gel 0.5% is one to two drops into the conjunctival sac of the affected eye four times daily beginning the day after surgery and continuing throughout the first 2 weeks of the postoperative period. The LE molecule was specifically developed using retrometabolic drug design, with the goal of an improved safety profile relative to other corticosteroid compounds. The LE molecule differs from other ocular corticosteroids by having an ester rather than a ketone group at the carbon 20 position. 26 To date, three retrospective chart reviews have been published describing the use of LE suspension 0.5% in patients undergoing glaucoma surgery, all of which reported that postoperative treatment with LE 0.5% had a minimal or no effect on IOP following ab externo canaloplasty, 36 selective laser trabeculoplasty (SLT), 37 and trabecular micro-bypass stent 18 procedures. However, currently, there are no published clinical data addressing the use of LE gel 0.5% specifically in patients undergoing glaucoma surgery. Glaucoma surgery patients are particularly vulnerable to risks associated with steroid-induced IOP elevation, and the low risk of IOP elevation with LE 38 is particularly relevant for this population. The purpose of these case presentations is to share clinical experiences using LE gel 0.5% as part of routine postoperative care in patients with a range of comorbid pathologies undergoing a variety of MIGS procedures, specifically those which target trabecular outflow, with or without concomitant cataract surgery. The authors selected cases considered representative of the routine management of post-MIGS patients treated with LE gel 0.5% during the postoperative period. The collection of data reported in this paper, including the de-identified photographs, A 40-year-old male presented with dense stromal scarring in the left eye (OS) due to herpes simplex virus (HSV) keratitis. His HSV keratitis was treated successfully 5 years earlier with penetrating keratoplasty (PKP), and the patient was maintained on acyclovir 800 mg BID and LE gel BID since the transplant. IOP was maintained below 20 mm Hg, the eye remained quiet, and the cornea stayed clear. Four years after this procedure, the patient began to experience gradual IOP elevations in the left eye to 25 mm Hg, felt to be a consequence of his underlying HSV status. Gonioscopy showed a Grade IV open angle with Grade III pigment deposition and no anterior synechiae. The stable examination suggested that the HSV was well controlled despite long-term damage to the cornea, and that IOP was gradually increasing due to reduced aqueous outflow via the trabecular meshwork.
A diagnosis of open-angle glaucoma was made and treatment with levobunolol ophthalmic solution BID was initiated. On this new medication, IOP levels were maintained at 18 mm Hg without visual field loss, despite increasing punctate keratopathy presumably considered secondary to the topical beta-blocker. This patient developed a posterior subcapsular cataract OS, a common postoperative complication of transplant surgery, with 20/100 visual acuity (VA) and 20/400 glare. A combined procedure of phacoemulsification with an Envista IOL and a Trabectome (Neomedix, Tustin, CA, USA) procedure to treat the glaucoma was performed without complication. The patient was successfully managed postoperatively with levobunolol BID and LE gel QID for 4 weeks, then tapered successfully off the levobunolol and returned to the preoperative LE gel BID maintenance dose. Six months postoperatively, best-corrected visual acuity (BCVA) was 20/25 and IOP was 15 mm Hg, with a quiet eye and no herpetic reactivations. The patient continued using LE gel BID on a regular basis while maintaining a stable IOP.
Case 2-Micro-stent surgery (iStent)
A 28-year-old female patient presented with bilateral (OU) sarcoid uveitis and grade 3 posterior subcapsular cataracts with 9 clock hours of posterior synechiae OU. The patient had been prescribed topical generic prednisolone acetate ophthalmic suspension 1% intermittently for many years with questionable compliance. Initially, the uveitis was well controlled with LE gel BID OU and intensive systemic therapy, including oral prednisone 50 mg QD and mycophenolate 1500 mg BID followed by oral prednisone 5 mg daily and mycophenolate 1000 mg twice daily for several years. VA during this time was 20/60 OD and 20/ 30 OS with IOPs of 12 mm Hg OU.
A mild flare and 1+ cell OU necessitated a sub-Tenon triamcinolone 40 mg injection OD in preparation for cataract surgery. The patient experienced postinjection IOP elevations to 40 mm Hg and required dorzolamide 20 mg/ mL/timolol 5 mg/mL ophthalmic solution BID to maintain a stable IOP below 20 mm Hg. At this point, VA had deteriorated to 20/200 OD and 20/50 OS as the cataracts slowly progressed.
The patient was maintained on a treatment regimen of dorzolamide/timolol, LE gel, oral mycophenolate, and low dose oral steroid (all BID) for 3 months to ensure a sustained quiet eye, after which cataract surgery with posterior synechiolysis and a single iStent (Glaukos Corporation, Laguna Hills, CA, USA) placement was performed OD without complication.
During the postoperative period, the patient was managed with LE gel every three hours while awake and dorzolamide/timolol BID for 1 month, after which the LE gel was tapered to the preoperative BID dosage. The patient was maintained on an ongoing treatment regimen including LE gel BID, oral mycophenolate, and low dose oral prednisone. Throughout this treatment, the eye remained quiet, with a BCVA of 20/30, and a normal IOP once dorzolamide/timolol was discontinued. Three months after the initial surgery, a similar procedure was successfully performed OS, with an identical topical and systemic regimen. She remains a candidate for systemic adalimumab (Humira ® , Abbvie) therapy, postponed by her needle phobia.
Case 3-Micro-stent surgery (iStent) plus cataract surgery
A 69-year-old female with a history of POAG OU was controlled on latanoprost ophthalmic solution 0.005% QD in the evening OU and brimonidine tartrate/timolol maleate ophthalmic solution 0.2%/0.5% BID OU for 3 years. When compliant with medication, her IOPs were on target, ranging in the upper teens, and appeared stable during office visits. However, the patient began to report subjective complaints of decreasing night vision, difficulty driving, and needing more light to read at home. The patient admitted to missing her medication doses. Humphrey visual field (HVF) testing revealed a nasal step that had slightly progressed over the past few years. Slit lamp exam showed the conjunctiva and cornea to be quiet and normal in appearance. The anterior chamber (AC) was deep, with open angles to the ciliary body band (CBB) and 1-2+ trabecular meshwork pigmentation on gonioscopy. The lens revealed a progressing 3+ nuclear sclerotic cataract with 1+ cortical changes. Retina vessels were normal with a healthy macula. The optic nerve head (ONH) showed increased cupping OD (0.55 vertically) and OS (0.4 horizontally), with no obvious retinal nerve fiber layer (RNFL) bundle defect, rim loss, or disc hemorrhage, and an early nasal step on 24-2 HVF testing.
Based on the patient's subjective complaints of daily functioning due to her vision, mild to moderate POAG and issues with medication compliance, along with evidence of a cataract, a combined cataract and iStent surgery OD (followed by OS) was planned. She started antibiotic drops (besifloxacin ophthalmic solution 0.6% BID) 3 days prior to the procedure (continued postoperatively for 1 week), as well as bromfenac ophthalmic solution 0.07% QD (continued for 6 weeks postoperatively). Her surgery was uneventful, with successful placement of an Akreos hydrophilic lens and a G1 iStent in the Schlemm's canal (Figure 1) .
On the first postoperative day, her VA was 20/30 with no complaints of pain or discomfort, and her IOP was 18 mm Hg. She had mild conjunctival injection and 1+ cell with no hemorrhage or hyphema. She was then started on LE gel QID for 1 week with a tapering dose over 4 weeks.
One week later, she returned to the office with an uncorrected VA of 20/20, and an IOP of 16 mm Hg while on LE gel TID and bromfenac QD. Her conjunctiva was quiet with no cells in the AC. At 1 month, when she had completed her LE gel regimen and was only on bromfenac, her IOP remained stable at 16 mm Hg, and her vision was 20/20. Two weeks after her right eye procedure, the same procedure was performed on her left eye, and she had a similar outcome on the same course of medications.
Case 4-Micro-stent surgery (supraciliary stent) and cataract surgery
This case was a 64-year-old African American male with a history of POAG OU on bimatoprost 0.01% solution QHS OU, brinzolamide/brimonidine tartrate ophthalmic suspension 1%/0.2% BID OU, and timolol 0.5% QD OU. In 2008, the patient underwent a successful express shunt surgery OD. However, the patient continued to require IOP-lowering medication to maintain an IOP in the lower teens OD and the middle to upper teens OS. The maximum IOP was 30-35 mm Hg for both eyes in the absence of IOP-lowering medications.
During routine office visits, the patient indicated he was having increased difficulty in remembering to administer his eye drops. He also stated he was not tolerating his medications well, and that his eyes were often red and irritated. He noticed a decrease in overall quality of vision, with more glare and halos around lights when driving. Upon exam, his BCVA was 20/25 OD and 20/40 OS with a constricted visual field OD, but a superior arcuate defect consistent with ONH and optical coherence tomography findings OD. Exam also revealed a 3+ NS cataract OS (pseudophakic OD).
Cataract surgery OS with CyPass (Alcon Inc., Fort Worth, TX, USA) supraciliary stent placement was planned, with the objective of reducing the necessity of IOP-lowering medications while avoiding a bleb. The patient was started on bromfenac ophthalmic solution 0.07% QD and besifloxacin ophthalmic solution 0.6% BID for 3 days prior to the procedure (to be continued for 1 week postoperatively). The surgery was uneventful, and the stent was in a good position nasally (Figure 2) .
On the first postoperative day, uncorrected VA was 20/40, with 1-2+ cell, no hyphema, and an IOP of 8 mm Hg. LE gel was started QID for 1 week followed by a tapering dose over 3 weeks. At 1 week, IOP was 11 mm Hg with minimal inflammation (occasional cell). VA was 20/25, and the patient stated he was very happy with his visual recovery. One month later, the IOP was 12 mm Hg on bromfenac QD only, and the AC remained quiet. No IOP-lowering medications were needed, and the patient stated he would like another MIGS procedure OD to help reduce the need for IOP-lowering medications in that eye as well.
Case 5-Micro-stent (iStent) plus cataract surgery
A 67-year-old female with a history of mild POAG was treated with latanaprost ophthalmic solution 0.005% for over 7 years with stable IOP and developed a 2+ NS cataract in the right eye. The patient was scheduled for a phacoemulsification with placement of an iStent to manage both the cataract and the glaucoma diagnosis in a single procedure. Preoperative exam results included a VA of 20/30 (glare to 20/60), an IOP of 20 mm Hg, and a cup disk ratio of 0.5, with thinning of the inferior retinal never fiber layers on optical coherence tomography but otherwise healthy fields. The patient was started on besifloxacin 0.6% BID and bromfenac 0.07% QD three days before the surgical procedure was scheduled.
Following a successful combined cataract/iStent procedure, day 1 exam showed a deep chamber with an occasional cell, an uncorrected VA of 20/25, and an IOP of 16 mm Hg. The patient was continued on bromfenac QD and besifloxacin BID, in addition to difluprednate ophthalmic emulsion 0.05% QID for the first week with tapering of the dosing over the following 3 weeks. One week later, the patient returned with an elevated IOP of 34 mm Hg. The ONH remained healthy based on slit lamp biomicroscopy.
Assuming a likely steroid-induced IOP response had occurred, the difluprednate was replaced with LE gel BID until the next visit. The following week, IOP had decreased to 22 mm Hg and the LE gel dose was tapered. Three weeks later, it decreased further to 17 mm Hg without the addition of any IOP-lowering medications. She has maintained an IOP in the upper teens for two years of follow-up.
Case 6-Kahook dual blade goniotomy
A 72-year-old male patient with a history of successful cataract surgery and moderate POAG in both eyes was managed for over 5 years using 2 medications (bimatoprost ophthalmic solution 0.01% QD and timolol/brimonidine BID). The patient's IOP ranged from 18-22 mm Hg while on medication, but he reported difficulty with medication compliance due to cost, forgetfulness, and medication side effects.
Although visual field and ONH head was stable (cup/ disc of 0.5 OU and early nasal step), a Kahook Dual Blade (New World Medical, Rancho Cucamonga, CA, USA) goniotomy was performed successfully on the right eye to more adequately control the patient's IOP while maintaining quality of life. On postoperative day 1, IOP was 12 mm Hg, uncorrected VA was 20/25, and the AC had 1+ cell with minimal red blood cells. Bromfenac 0.07% was initiated three days prior to surgery and continued QD postoperatively along with moxifloxacin 0.5% QID and prednisolone acetate 1% QID. No IOP-lowering medications were administered or prescribed.
One week later, the IOP OD had increased to 21 mm Hg, though the AC demonstrated only occasional cells and no heme. Bromfenac and prednisolone were continued TID for 1 week with tapering of the dosing over the following three weeks. When the patient returned after two weeks, the IOP OD had further increased to 28 mm Hg while on prednisolone 1% BID. Rare cells were noted in the AC, and the angle appeared open with a good-sized goniotomy visible (100 degrees).
Treatment with prednisolone was discontinued due to a suspected steroid-induced IOP response, and the patient began using LE gel BID for 1 week tapering to QD for the subsequent week. After two weeks of therapy with LE, IOP had lowered to 20 mm Hg OD and settled at 16 mm Hg upon completion of treatment. At the time of writing, the patient's IOP was still well controlled between 15-17 mm Hg in the absence of any IOP-lowering medications.
Case 7-Ab interno canaloplasty using the iTrack catheter
A 71-year-old white male with a history of POAG OD was initially successfully managed on bimatoprost ophthalmic solution 0.01% and brimonidine tartrate ophthalmic solution 0.1% OD BID. With treatment, IOP OD was maintained between 20-22 mm Hg, with a maximum IOP of 29 mm Hg when IOP-lowering medications were discontinued. In 2014, the patient underwent SLT with 360 degrees of treatment OD. Minimal to no response was noted, and IOP-lowering medications were continued. After 2 years of compliance with this regimen, the patient continued to experience difficulty driving at dusk and when raining. The patient's BCVA OD was 20/30, but glare testing dropped the BCVA to 20/60. The conjunctiva and cornea were healthy (mild superficial punctate keratitis seen), and the lens revealed a 2+ NS with 2+ cortical changes. On examination of the ONH, the vertical cup/disc ratio was 0.6 with slight loss of inferior RNFL. The visual field also demonstrated a nasal/superior arcuate defect with a pattern standard deviation of 2.8 dB and mean deviation of −5.0 dB.
Cataract surgery with ab internal viscodilation of the Schlemm's canal (using the iTrack [Ellex, Adelaide, Australia] catheter) was scheduled. The patient was started on bromfenac QD (continued for 6 weeks postoperatively) and besifloxacin BID (continued for 1 week postoperatively) OD 3 days prior to surgery. Surgery was successful and uneventful. On the first postoperative day, uncorrected VA OD was 20/50, with 1-2+ cell and a microhyphema. The patient reported no discomfort, and IOP was 12 mm Hg. LE gel was added for 1 week with QID dosing and a scheduled taper of 1 less drop per week over 3 more weeks.
At 1 week, uncorrected VA OD was 20/25, with an IOP of 14 mm Hg, and the patient stated he was able to drive better at night. The AC revealed rare cells, no heme cells were observed, and the conjunctiva and cornea were clear and quiet. At 1 month, when the LE gel regimen was completed, the IOP was 15 mm Hg, and the AC was quiet. VA remained stable at 20/25 uncorrected. The patient was seen again 3 months later, and the IOP OD was stable at 15 mm Hg while all IOP-lowering medications remained discontinued.
Discussion
As surgical techniques for glaucoma continue to evolve, best clinical practices regarding postoperative patient management need to be considered. The cases presented here illustrate both the safety and efficacy of LE gel 0.5% use for glaucoma patients following a variety of MIGS procedures (Trabectome, micro-stents, KDB goniotomy, and ABiC with iTrack), either with or without cataract removal. In patients for whom LE gel was included in the initial postoperative drug regimen, ocular inflammation and pain were successfully controlled. The treatment was well tolerated, there were no adverse events (AEs) attributed to treatment with LE gel, and there were no noted elevations in IOP. To date, neither author has experienced any MIGS case in which postoperative treatment with LE gel resulted in AEs or discontinuations in treatment.
In 2 of the 7 cases reported here, LE gel was instituted as replacement for initial postoperative treatment with a different corticosteroid (prednisolone acetate or difluprednate) which was associated with an elevation in postoperative IOP. Switching to LE gel led to a reduction of the steroid-induced IOP in these cases, without loss of subjective or objective improvements in ocular findings, such as postoperative pain and inflammation. In the uveitis patient, inflammation control also required periocular injection and systemic medications.
When LE gel was used during the immediate postoperative period for MIGS patients, it was most commonly prescribed on the first postoperative day as one drop QID with a tapering dose over 4 weeks. In steroid IOP-responsive patients, where LE gel replaced treatment with a different corticosteroid, LE gel was prescribed 2 to 4 times daily for the first week and then tapered as needed based on AC inflammation. However, there is no typical regimen, and treatment must be titrated for each patient based upon previous observation of the patient as well as their postoperative response.
These cases are consistent with previous reports on the use of LE gel 0.5% postoperatively. Two randomized, double-masked, parallel-group, vehicle controlled, multicenter trials evaluating the use of LE gel 0.5% for the treatment of postoperative inflammation and pain following cataract surgery found the drug to be both safe and effective without elevating IOP, 30, 31 while a retrospective chart review documented similar results for patients using LE gel 0.5% during the postoperative LASIK or PRK period. 33 LE gel 0.5% was also studied in patients following Descemet membrane endothelial keratoplasty, where it both prevented immunologic graft rejection and caused significantly fewer IOP elevations when compared to treatment with prednisolone acetate ophthalmic solution 1%. 35 A recent review of published data with LE noted low rates of clinically significant IOP elevation (≥10 mm Hg from baseline) ranging from 0.8% (14/1725 subjects) to 1.5% (21/1386 subjects) in short-and long-term use studies, respectively.
38
Although LE gel has not been studied in MIGS procedures specifically, three retrospective chart reviews have evaluated the use of LE suspension 0.5% in patients undergoing non-MIGS procedures for glaucoma. 18, 36, 37 In patients following combined phacoemulsification and trabecular micro-bypass stent implantation, treatment with LE suspension 0.5% had a minimal effect on IOP.
18
There was also no difference in IOP in patients undergoing SLT who received LE suspension 0.5% at the time of surgery compared to those not receiving corticosteroid. 37 In a retrospective evaluation of patients managed with LE suspension 0.5% post ab externo canaloplasty with or without cataract surgery, a small percentage of patients (5.3%) had an IOP ≥30 mm Hg one week post-surgery, but rarely thereafter and there were no treatment discontinuations secondary to IOP elevations. 36 In the cases described herein, LE gel 0.5% was prescribed for MIGS patients based on the drug's unique design and favorable safety profile. Accordingly, none of the MIGS patients experienced clinically significant elevations in IOP associated with the use of LE gel. This included patients who previously exhibited an IOP response to other ocular corticosteroids (prednisolone, difluprednate) a finding paralleled by prior reports on the use of LE suspension in known steroid responders. 39, 40 LE gel has other aspects that we find useful for controlling inflammation and pain post-MIGS. The gel formulation is non-settling, thus does not require vigorous shaking prior to instillation; this can be a benefit for older glaucoma patients who may have difficulty shaking medications because of arthritis or other physical weakness, as well as those who may have trouble remembering to shake a medication. The gel also has features designed to minimize ocular irritation, including a low concentration of the preservative benzalkonium chloride, a pH close to that of normal tears (6.5), and inclusion of known demulcents (glycerin and propylene glycol). 41 None of the patients in these cases experienced any ocular surface disturbances or complained of dry eye or drop-induced ocular discomfort following surgery.
Conclusions
Topical corticosteroids, including LE gel 0.5%, are an important component of ocular postoperative care, despite some potential drawbacks as a class. Clinical outcomes of the cases described herein and the authors' combined clinical experience suggest LE gel 0.5% safely and effectively treats inflammation and postoperative pain following a variety of MIGS procedures, with a high degree of tolerability and a low propensity for inducing IOP elevations, even in known corticosteroid responders. As a small selection of case reports, these vignettes are intended only to share our typical experiences using LE gel 0.5% postoperatively in patients undergoing MIGS procedures and should be interpreted carefully given their anecdotal nature. Additional formal studies with larger patient populations and possibly an active comparator are warranted to properly examine the benefit(s) of LE gel 0.5% use in the glaucoma surgery setting.
